Assessment of Ecological Risk  From Contamination

In Wetlands of The Hackensack Meadowlands District 

1. Summary of Key Objectives 

A geographic database of chemical contamination and biotic inventory will be developed for previously assessed wetlands in the Hackensack Meadowlands District. Screening-level ecological risk assessments following USEPA guidelines will be conducted on studied contaminants to determine wetland fauna at multiple trophic levels that are potentially at risk. The results will help guide decision-making on restoration strategies for these wetlands. Furthermore, curves relating contaminant concentration to ecological risk will be developed to enable rapid estimation of risk potential during future chemical assessments of additional wetlands.  The validity and predictive power of risk assessment screening will be tested by attempting to correlate decreased benthic diversity/abundance with increased contaminant levels using existing data and by conducting sediment toxicity bioassays.

2. Project Description

A. Introduction

The Hackensack Meadowlands District contains about 8,400 acres of wetlands (mostly brackish tidal marshes) and waterbodies located in a heavily urbanized and industrialized setting (Figure 1). As a result of activities such as development, dredging, draining, mosquito control, landfilling, and industrial pollution, wetlands have been modified and contaminated to varying degrees. Contaminants such as pesticides, PCBs, and heavy metals have been detected in wetlands. These contaminants, particularly bioaccumulative ones, may pose risks to fish and wildlife feeding and reproducing in the wetlands. 

The New Jersey Meadowlands Commission (NJMC, a New Jersey state agency) owns or manages several hundred acres of wetlands (Figure 1), and is actively acquiring more wetlands for preservation and/or restoration.  The NJMC and others have conducted baseline studies of several marshes in the Meadowlands that included chemical analyses of water and sediments/soils and biologic inventories (Table 1). These sites range from areas that are relatively clean to areas that may have high concentrations of contaminants. Some of these wetlands have already been restored; others are currently or potentially under consideration for restoration.  (Restoration includes activities such as restoration of appropriate hydrology, the creation of biological habitats, the control of invasive plant species, and the reintroduction of native marsh vegetation.)  

We, the NJMC and our partners in the Meadowlands Environmental Research Institute (MERI) from Rutgers University Center for Information Management, Integration and Connectivity, propose to assess the ecological risks from contamination at these sites to help guide decisions about their restoration and to build capacity to comprehensively assess additional wetlands in the future. Specifically, we propose to 

1. Develop a geographic database of the chemical and biological data that has already been collected during environmental assessments of several marshes in the Meadowlands;

2. Apply USEPA screening-level ecological risk assessment (USEPA,1997) for each contaminant assessed at each marsh to determine if animals at several trophic levels using the marshes may be at risk;

3. Apply the procedure over a range of concentrations representative of the Meadowlands for each contaminant for the same set of animals to develop “standard curves” relating sediment contaminant concentration to a measure of ecological risk; this will be used to quickly estimate ecological risk in future assessments;

4. Correlate benthic diversity with sediment contaminant concentrations to look for biologic affects of contamination;

5. Conduct sediment toxicity bioassays with benthos to test the validity and predictive power of ecological risk screening.

The results will be presented at a scientific conference, published in a conference proceedings or a scientific journal and placed on the MERI web site for use by environmental professionals.

Figure 1
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B. Database Development

In the past few years, NJMC and others have conducted baseline studies of several marshes in the Meadowlands that included chemical analyses of water and sediments/soils and biologic inventories.  Table 1 below lists the amounts and some of the types of data that have been collected at each site.  At present, the data is contained in site-specific consultants’ reports that are submitted to NJMC.  These reports do not receive wide distribution, and the data remains trapped in a format that is difficult to use for other purposes.  To use this data for ecological risk assessment (ERA), the existing chemical and other data (e.g., hydrological data, benthic community data, and aquatic and terrestrial species population data) will be entered into a geographic information system (GIS) database, using our existing extensive georeferenced, Arc/Info GIS.   Besides its use for risk assessment, the database will be made widely available through “Digital Meadowlands” (www.digitalmeadowlands.org), the on-line information system about the Meadowlands developed by the Meadowlands Environmental Research Institute (MERI). Data could also be made accessible on EPA's STORET database.

Table 1: Some of the Available Data from Previous Wetland Assessments in the Meadowlands
(an “x” means that this type of data was collected at the corresponding site)

	
	
	
	Sediment Parameters
	Surface Water Parameters
	

	Wetland Name
	Acres
	Year Assessed
	Number of Sample Locations
	PP+40
	pH
	TOC
	Grain Size
	% Moist.
	Number of Sample Locations
	PP+40
	WQP
	Number of Benthic Sample Locations

	Mill Creek
	207
	1997
	17
	x
	x
	 
	 
	 
	20
	x
	x
	27

	Harrier Meadow
	78
	1997,1998
	29
	x
	 
	 
	 
	 
	12
	 
	 
	9

	Skeetkill Creek Marsh
	16
	1997
	11
	x
	 
	 
	 
	 
	3
	 
	 
	6

	Riverbend WP
	58
	2001
	15
	x
	x
	x
	x
	x
	0
	 
	 
	0

	Secaucus High School
	38
	2001
	8
	x
	 
	x
	x
	x
	4
	x
	x
	6

	Oritani Marsh
	225
	2000
	17
	x
	x
	x
	x
	x
	10
	x
	x
	11

	Kearny Marsh
	311
	1999
	22
	x
	x
	x
	x
	 
	22
	x
	x
	0

	Saw Mill Creek WMA
	741
	2000, 2001
	0
	 
	 
	 
	 
	 
	1
	 
	x
	2


Notes:













PP+40
Priority pollutants+40 (>150 specific pollutants that includes heavy metals and organic chemicals) 



TOC
Total Organic Carbon












WQP
Water Quality Parameters: temperature, DO, pH, salinity









Users will be able to query the database, for example, to obtain a report on the concentrations of particular contaminants at particular sites.  Users will also be able to view the results of such queries through color-coded maps.

The database will contain multiple data formats, including the full text, data tables, diagrams, graphs, maps and images of existing assessment reports plus and any additional available still or video photographs, aerial photographs and historical maps.  The Digital Meadowlands interface provides state-of-the-art data integration of mapping, database and Internet technologies to provide a single, user-friendly interface to this complex, multimedia database.  The system will allow results from future studies at existing or new sites to be easily incorporated.

C. Screening-Level Ecological Risk Assessment

Chemical data from the database will be used to perform a screening-level ecological risk assessment following USEPA guidance (USEPA, 1997). All appropriate, available data (historic and recently collected) for the various chemical contaminant analytes will be used for this evaluation.   The evaluation will be performed for representative wetland fauna at multiple trophic levels for each wetland site.

First, maximum sediment concentrations at each site will be compared to sediment quality guidelines (e.g., USEPA Ecotox Thresholds [1996] and NJ Department of Environmental Protection Guidance for Sediment Quality Evaluations [1998]) to determine which contaminants exceed guidance concentrations. This process will determine which contaminants exceed applicable sediment guidelines at which sites; these contaminants will be noted and flagged for more detailed ecological risk assessment and tissue analysis (as verification of ERA results) on specific benthos and on higher trophic levels that consume them. (These detailed assessments and analyses will be conducted in a separate, future project.)

Next, simple food web models (USEPA, 1993) will be used to determine if the maximum concentrations of contaminants found at each site are likely to have the potential to adversely affect fauna at various trophic levels.   For each site, the maximum concentration of each contaminant in sediment at that site will be used to calculate concentrations of contaminants in invertebrates and fish using biota-sediment accumulation factors (BSAF) based on literature sources (USACE, 1999; ORNL, 1998). 

These computed concentrations for benthos and fish will be used, along with other available data, such as water chemistry, sediment concentrations and total organic carbon, to estimate daily contaminant intake rates (i.e., mg/kg-day) for representative Meadowlands wetland fauna at higher trophic levels.    Specific fauna to be considered for this investigation include crustaceans (e. g., blue crab), fish (e.g., killifish, gizzard shad, white perch and striped bass), birds (e.g., mallard, tree swallow, redwing blackbird, great blue heron, great egret, belted kingfisher, redtailed hawk), reptiles (e.g., diamond back terrapin) and mammals (e.g., muskrat). Intake rates will be compared to benchmarks such as no observed adverse effect levels (NOAEL) and lowest observed adverse effect levels (LOAEL) obtained from the literature for each trophic level of organisms to calculate hazard quotients (HQ). 

The results from this effort will be a table for each wetland site assessed that lists the hazard quotient for each species assessed, based on the maximum concentration of each contaminant found in sediment at the site.  An illustration of such hypothetical results is presented in Table 2.

Table 2: Hypothetical Hazard Quotients (HQ) for organisms at a hypothetical wetland in the Meadowlands, based on the hypothetical maximum concentration of the three selected contaminants found at the site 
(for illustration only; not based on real data)
	Contaminant
	Lead
	Copper
	PCBs

	Maximum Concentration, sediment, ppb
	91
	57
	4

	Organism
	HQ
	HQ
	HQ

	Blue crab
	0.5
	0.3
	0.2

	Killifish
	0.8
	0.5
	0.3

	White perch 
	0.9
	0.5
	0.3

	Great blue heron
	0.3
	1.1
	0.9

	Redtailed hawk
	0.8
	0.5
	0.3

	Diamond back terrapin
	0.7
	0.4
	0.3

	Muskrat
	1.8
	1.1
	0.6


An HQ of less than one (i.e., the intake rate is less than the observed effect rate) indicates that ecological risks are negligible for this particular contaminant/receptor pair at this site and therefore there is no need for additional analysis. (We note, however, that adverse effects are not ruled out at this point from multiple contaminants acting together when the HQs for each individual contaminant do not exceed 1.)   An HQ greater than one indicates a potential for adverse ecological effects.  The contaminants for which the HQ for one or more species exceeds one will again be flagged for a more detailed ecological risk assessment and tissue analyses to be conducted in the future.  

The knowledge gained during these ecological screening efforts will be immediately useful in guiding decision-making about restoration of wetlands in the Meadowlands and build capacity to assess and restore additional wetlands in the future.  For example, if piscivorous birds and mammals are determined to be at risk, additional sampling and analysis of fish tissue for contaminants may be warranted to refine risks to receptors. 
D. Development of Curves for Future Rapid Estimate of Ecological Risk

After completing ecological risk screening on individual sites using existing data, we will again apply the risk screening procedure.  The purpose of the second application is to develop tools to rapidly assess ecological risk after future sediment chemistry assessments in wetlands.  This time, we will apply the procedure for the same set of animals assessed above over a range of concentrations representative of the Meadowlands sediment for each contaminant and over a range of organic carbon concentrations, calculating a HQ for each case.  This will lead to a set of “standard curves” that relate sediment contaminant concentration to HQ.  In future wetland assessments, these curves can be used to quickly estimate the ecological risk posed by a particular sediment contaminant concentration.

Specifically, we will pool all of the data for a particular contaminant for all sites and determine the cumulative distributions of sediment concentration for each contaminant and determine the 25th, 50th, 75th and 100th percentile concentration values for each distribution (Figure 2).  Then, we will compute the HQ for each of these concentration values for the set of species mentioned above using several different organic carbon concentrations, and plot sediment contaminant concentration vs. HQ to obtain the “standard curve” (Figure 3).  These curves will give us ecological risk estimates from a range of expected concentrations that may be useful in future assessments.
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E. Correlating benthic diversity with sediment contaminant concentrations

We plan to investigate the validity and predictive power of ecological risk assessment specifically for the assessed wetlands by seeing whether impairments to the benthic community are correlated with increasing sediment contaminant concentrations at these wetlands.  Benthic invertebrate community analyses have been conducted at a subset of assessment sites, with co-located assessments of sediment chemistry (e. g., Oritani Marsh; see Table 1).   For these sites, we will compute abundance for a common, reference benthic salt-marsh species (selected after carefully reviewing all existing studies) and an index of benthic diversity (e.g., Shannon-Wiener Index) for each sampling location and plot them against co-located sediment concentration for each contaminant that has at least one concentration greater than its corresponding “lowest effects level” (Figure 4).  These plots will tell us if we can indeed observe a negative effect on benthos associated with increasing sediment contamination.    Note that this correlation may be confounded by other variables frequency/duration of flooding, grain size, overlying vegetation types and the fact that benthic diversity tends to be inherently low in brackish marshes.  Published data on benthic diversity and abundance in (nearly) pristine brackish marshes will also be included as a comparison.
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Based on this analysis of these data sets, recommendations will be made where to collect additional benthic community samples and/or conduct sediment toxicity bioassays (both of which are components of the sediment quality triad approach (Chapman, 1990)) at existing sites and/or when assessing new sites.
F. Sediment Toxicity Bioassays for Validation of the Ecological Risk Screening Procedure

We propose to further test the validity and predictive power of the ecological risk screening procedure specifically for benthos via sediment toxicity bioassays.    Hazard quotient for a benthic species greater than one is an indicator of adverse ecological effects, but these effects may not in fact occur because of mitigating factors, such as the non-bioavailability of the contaminant.  To assess the predictive power of the screening results in these particular wetlands, we plan to perform sediment toxicity bioassay tests with specific benthic species.  These tests will also help build our capacity because it will help focus our more in-depth risk assessments planned for the future. 

We plan to conduct either a 10-day toxicity test or a life-cycle test with Nereis sp. (abundant at the Oritani site), Mysidopsis sp. and/or amphipod species according to procedures specified in ASTM documents (see ASTM references) and the USEPA (1991).  For budgetary considerations, we plan a total of 11 tests.  We will conduct 8 tests with sediments from sites which are currently owned by the NJMC and under active consideration for restoration: Oritani, Riverbend, Secaucus High School and Kearny Marsh.  We plan to use sediments from previously sampled locations where the HQ for a benthic organism was greater than one or where a sediment contaminant concentration was greater than a “lowest effects level”.  Furthermore, we plan 2 tests using sediments from Saw Mill Creek as a reference location because it is generally viewed as the highest ecologically functioning marsh in the Meadowlands, and one control test with clean sediments.

We will analyze the chemistry of the sediments used in the tests for the full suite of priority pollutants.  Sediments will be analyzed for metals, PCBs, and pesticides at our laboratory, by our full-time professional analytical chemists using our atomic absorption spectrophotometer and a gas chromatograph.  We will follow QA/QC procedures that have been developed and followed for other sediment analysis projects.  Other analysis will be done by a certified contract lab.

At Riverbend and Kearny Marsh, benthic inventories have not previously been performed. To properly conduct and interpret a sediment toxicity test, the data for this leg of the “sediment quality triad” will be collected at the sediment collection locations.   QA/QC procedures developed and followed in the our other benthic assessment efforts will be used.

G. Closure 

The knowledge gained during these ecological screening efforts and sediment toxicity test will be useful in guiding decision-making about restoration of NJMC-owned wetlands.  The results will identify contaminants and wetland fauna that are potentially at risk for adverse affects and therefore focus future studies to more fully define these risks.  Furthermore, the results will be valuable by providing tools to help estimate ecological risk during future assessments.   By accomplishing these objectives, this project will significantly build capacity to assess and restore wetlands in the Meadowlands.
3. Schedule

With an assumed start date of October 1, 2002, the schedule for completion of the project is summarized as follows:  

· Database development – October 2002 to December 2002;

· Development quality assurance plan for sediment testing-- October 2002

· Ecological risk screening – November 2002 to January 2003

· Development of curves for future rapid estimate of ecological risk— February 2003 to April 2003 

· Correlating benthic diversity with sediment contaminant concentrations – April 2003 to June 2003

· Sediment sampling and toxicity testing – October 2002 to January 2003

· Development of reports – July 2003  through September 2003

· Details ecological risk assessment and tissue analysis for verification – Beyond year 1.

4. Budget

	 
	Request from USEPA
	In-kind matching  
contribution from NJMC
	Total

	a. Personnel
	23,000
	18,900
	41,900

	b. Fringe Benefits
	3,325
	4,725
	8,050

	c. Travel
	2,000
	 
	2,000

	d. Equipment
	2,000
	 
	2,000

	e. Supplies
	2,000
	750
	2,750

	f. Contractual
	47,500
	 
	47,500

	g. Construction
	 
	 
	0

	h. Other 
	 
	 
	0

	i. Total Direct Charges (sums of 6-a-6h)
	79,825
	24,375
	104,200

	j. Indirect Charges
	17,940
	8,531
	26,472

	Totals
	97,765
	32,906
	130,672

	 
	 
	 
	 

	Grand total
	 
	 
	130,672

	Match Percent 
	 
	 
	25.2%


Justification

NJMC will provide project management, quality assurance review and laboratory analyses.  NJMC indirect charges were calculated at 35%.

Rutgers employees affiliated with MERI will develop the geographic database.  Rutgers will also purchase computer equipment and travel to a scientific conference to present results.  As the State University of New Jersey, it is our understanding that, under the terms of the grant guidelines, work done by Rutgers is not considered contractual work.   Rutgers indirect charges were calculated at 55.5%.

The ecological risk assessment and sediment toxicity bioassays will be performed by qualified contractors; $47,500 is allotted for these tasks.

5. Deliverables

A summary of the findings of each of the work plan tasks (i.e., database development, ecological risk screening, standard curves, benthic diversity vs. contamination and sediment toxicity testing) will be included in a report provided at the conclusion of the grant period to EPA. An electronic geospatial database of historical and new data will also be provided to EPA and posted on the MERI web site.  

6. Performance Evaluation and Process and Reporting Schedule

The Project Manager will be responsible for ongoing performance evaluation to ensure that policy goals are met through appropriate objectives and targets, organizational structures and accountability, management controls, and review functions. A report including findings will be submitted to EPA at the end of the project year, as shown in the schedule. Ongoing consultation with EPA during the project year is anticipated. 
7. Roles and Responsibilities

Christine Hobble of the NJMC will act as the overall project manager.  GIS and database specialists within MERI will develop the database.  The MERI laboratory will perform chemical analysis for metals, pesticides and PCBs in sediments; other analysis will be performed by a contract lab. The ecological risk assessment and sediment toxicity bioassays will be performed by qualified contractors.  
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9. Contact Information

Ms. Christine Hobble

Meadowlands Environmental Research Institute 

One DeKorte Park Plaza

Lyndhurst, New Jersey 07071

Telephone: 201-460-4660  Fax: 201-460-2804 E-Mail: chobble@meadowlands.state.nj.us



Figure 3: Hypothetical Hazard Quotients for Killifish,


computed from Lead Concentration


(for illustration only; not based on actual calculations)





Figure 2: Hypothetical Cumulative Distribution of Lead Concentrations, All Sites


(for illustration only; not actual data)





Figure 4: Hypothetical Benthic Diversity and Abundance as Affected by Lead Concentration in Sediments


(for illustration only; not based on actual calculations)
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